Intermediate to felsic volcanic rocks of the Baiqi formation from the Lingqiu basin in the central part of North China Craton were studied. Single zircon U-Pb dating indicates that these volcanics formed at 125.8 ± 3.0 Ma. Their Sr and Nd isotopic compositions ( 143 Nd/ 144 Nd = 0.51180-0.51182, 87 Sr/ 86 Sr = 0.7062-0.7063) fall in the range of the nearby lateMesozoic basaltic rocks. These volcanics share geochemical affinities to the adakites formed in the modern arcs, e.g., high Na 2 O (>4.06%), Al 2 O 3 (>15.4%) and Sr (645-1389 ppm) contents and Sr/Y ratios (55~103), and thus being termed as adakitic rocks. However, the Baiqi adakitic rocks were not temporospatially associated with active subduction. Furthermore, their low Cr (2.19-47.4 ppm, with average of 25) and Ni (1.57-20.7 ppm, with average of 12) contents and Mg# (22-47, with average of 32) argue against interaction with the lithospheric mantle. Combined with the geological setting, we suggest that the Baiqi adakitic rocks resulted from partial melting of a thickened lower continental crust associated two episodes of basaltic underplating events. We propose that enormous conductive heating from 80-140 Ma basaltic underplating resulted in partial melting of pre-existing mafic lower crust formed by ~150-160 Ma basaltic underplating. This study provides a case for partial melting of the thickened lower continental crust in association with basaltic underplating events.
INTRODUCTION
Adakite is characterized by low K, Y, HREE contents (Y ≤ 18, Yb ≤ 1.9 ppm), and high Al, Na (Al 2 O 3 >15% at the 70% SiO 2 ; Na 2 O/K 2 O >1), Sr (>400 ppm) contents, and high Sr/Y and La/Yb ratios (Defant and Drummond, 1990) . Partial melting of basaltic rocks can produce adakitic melt at pressures equivalent to a crustal thickness of >40 km (Rapp and Watson, 1995; Rapp et al., 1991) . This rock attracts widespread attention due to its significance in revealing deep geodynamic processes, e.g., oceanic crust subduction (Defant and Drummond, 1990; Martin et al., 2005; Martin, 1999; Peacock et al., 1994; Stern and Kilian, 1996) , basalt underplating (Atherton and Petford, 1993; Petford and Atherton, 1996; Rapp and Watson, 1995; Xiong et al., 2003) , recycling of lower continental crust Kay and Kay, 1991; Xu et al., 2002) , melt-peridotite reaction (Liu et al., 2005;  rocks featured by high Mg# were interpreted as foundering lower continental crust-derived melt interacted with peridotites in the mantle Xiao et al., 2004) . Despite these investigations, some questions remain: how were these adakitic rocks related to the foundering lower continental crust or basalt underplating? And what is the mechanism triggered the surge of the Mesozoic adakites in the North China Craton? To address these questions, typical adakitic volcanics from the TransNorth China Orogen, central North China Craton were studied in this paper. Except for some adakitic intrusive rocks, typical adakitic volcanic rocks have not been reported in the central of North China Craton.
GEOLOGICAL SETTING
The North China Craton is one of the oldest continental nuclei in the world, with basement of mainly Archean to Early Proterozoic gneisses (Jahn et al., 1988) . Based on isotopic age, lithological assemblage, tectonic evolution and P-T-t paths, the North China Craton can be divided into the Eastern Block, the Western Block and the intervening Trans-North China Orogen (Zhao et al., 2000 (Fig. 1B) . This craton underwent a dramatic change from a Paleozoic cratonic mantle to a Cenozoic "oceanic" lithospheric mantle, accompanied by lithospheric thinning (Gao et al., 2002; Griffin et al., 1998; Menzies et al., 1993; Rudnick et al., 2004; Wu et al., 2003; Xu, 2001) , lower crustal recycling and widespread Mesozoic magmatism (e.g., Davis et al., 1998; Chen et al., , 2004 Zhang et al., 2004) .
The adakitic rocks in this study were collected from the Lingqiu volcanic basin in the northern part of the Trans-North China Orogen. The late Mesozoic volcanics in the Hunyuan-Guangling-Lingqiu basins (Figs. 1A and C) are composed of intermediate to felsic volcanics with interlayers of sandstones and mudstones. These volcanics were classified into four formations ( Fig. 1C) : from bottom to top, Baiqi, Zhangjiakou, Dabeigou and Xiguayuan. The Baiqi formation was systematically studied in this work. The emplacement age of diorite-granite-rhyolite and tuff lava of the Trans-North China Orogen has been dated at 127-138 Ma using U-Pb zircon and Rb-Sr wholerock isochron methods (Cai et al., 2003; Davis et al., 1998; Peng et al., 2004) . Several episodes of Mesozoic mafic igneous rocks in the Trans-North China Orogen have also been identified at 150-160 Ma (e.g., Yunmengshan gabbro-diorite complex, Davis et al., 1998; Hanxing gabbro, Zhang et al., 2004 ), 135-145 Ma (e.g., Laiyuan gabbro, Zhang et al., 2004 ) and 120-130 Ma (e.g., Linxian gabbro, Wang, Y. J. et al., 2005 . Laiyuan locate in the eastern of the Lingqiu basin with a distance of ~80 km, and Linxian in the southeastern with a distance of 300 km. Lower crustal xenoliths found in the Neogene Hannuoba basalts adjacent to the studied area are dated at two age intervals of ~160-140 Ma and ~140-80 Ma Wilde et al., 2003) , and they Zhao et al., 2001) . Locations of the Mesozoic gabbros and lower crustal xenoliths in the Trans-North China Orogen were also marked. 1 = Location of the Baiqi adakitic rocks, 2 = gabbro from Laiyuan (Zhang et al., 2004) , 3 = gabbro from Hanxing (Zhang et al., 2004) , 4 = gabbro from Linxian , 5 = lower crustal xenolths from the Hannuoba, 6 = Xinglonggou high-Mg adakites From Liaoxi Hunyuan-Guangling-Lingqiu basin. were interpreted as products of ~160-140 Ma basaltic underplating and subsequent ~140-80 Ma granulite-facies metamorphism . The xenoliths with convex-upward REE patterns had a cumulate origin (gabbro or pyroxenite) . The Mesozoic Hannuoba granulite xenoliths was products of basaltic underplating has been widely accepted (e.g., Chen et al., 2001; Fan et al., 1998 Fan et al., , 2001 Liu et al., 2001 Liu et al., , 2004 Zhang et al., 1998; Zhou et al., 2002) .
. (c) Profile of the Mesozoic volcanics in
The mafic igneous rocks from the Trans-North China Orogen were derived from a special mantle metasomatised by a SiO 2 -rich melt (Chen et al., 2004; Zhang et al., 2004) . Metasomatism lower the solidus significantly, triggered intensely melting of the enriched sub-continental lithospheric mantle. The SiO 2 -rich melt may be derived from the paleo-Pacific subducted slab (Chen et al., 2004) , or the Paleoproterozoic subduction slab during the collision between the Eastern and Western Blocks of the North China Craton along the Trans-North China Orogen , or basaltic layers that were previously subducted (a fossil oceanic slab) or underplated into the base of the lithospheric mantle (Liu et al., 2005) .
SAMPLES AND ANALYTICAL METHODS

Samples
Adakitic rocks from the Baiqi formation were systematically sampled at the Ganhegou-Matou Mountain profile in the Lingqiu basin (Fig. 1A) . This profile is composed of minor andesites and abundant dacites with minor amount of rhyolites. Andesite contains phenocrysts of plagioclase, brown amphibole and pyroxene. In most dacite specimens, plagioclase is the main phenocrysts and accompanied by brown amphibole and mica set in a groundmass. The rhyolites contain quartz and plagioclase microphenocryst within perlitic groundmass. Fresh samples were only selected for whole rock analyses based on detailed petrological studies.
Analytical methods
Hand picked zircon grains were mounted in epoxy blocks, polished to obtain an even surface, and cleaned in an acid bath prior to LA-ICPMS analysis. Zircon UTh-Pb measurements were made on 30-40 µm diameter spots of single grain using the Laser Ablation-Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) at the Key Laboratory of Continental Dynamics, Northwest University in Xi'an, and the analytical procedures are similar to those described by Yuan et al. (2004) . The data were processed and plotted using Isoplot 3.0 (Ludwig, 2003) . Common Pb were corrected following the method of Andersen (2002) . Age uncertainties are quoted at the 95% confidence level. Measurements of zircon standard TEMORA 1 as an unknown in this LA-ICPMS over a period of 16 months yielded a weighted mean 206 Pb/ 238 U age of 415 ± 4 Ma (MSWD = 0.112) Yuan et al., 2004) , which is in good agreement with the recommended ID-TIMS age of 416.75 ± 0.24 Ma (Black et al., 2003) .
Fresh chips of whole rock samples were powdered to 200 meshes using a tungsten carbide ball mill. Major and trace elements were analyzed using XRF (Rikagu RIX 2100) and ICP-MS (PE 6100 DRC), respectively at the Key Laboratory of Continental Dynamics, Northwest University in Xi'an, China. Analyses of USGS and Chinese national rock standards (BCR-2, GSR-1 and GSR-3) indicate that both analytical precision and accuracy for major elements are generally better than 5% (Appendix 1). For trace element analysis, sample powders were digested using HF + HNO 3 mixture in high-pressure Teflon bombs at 190°C for 48 hours. Analytical precision and accuracy are better than 2% and 10%, respectively, for most of the trace elements except for transition metals (Appendix 2).
Sr-Nd isotopes were determined at the China University of Geosciences (Wuhan), following the procedures described by (Ling et al., 2003 143 Nd/ 144 Nd = 0.511862 ± 5 (2σ, n = 15), the BCR-2 gives 143 Nd/ 144 Nd = 0.512635 ± 4 (2σ, n = 6), Nd = 29.10 ppm and Sm = 6.591 ppm; and the NBS-987 gives 87 Sr/ 86 Sr = 0.710236 ± 16 (2σ, n = 6).
RESULTS
U-Pb Zircon age
Zircons from a dacite sample GHG02 from the Baiqi formation were separated for U-Pb dating. Zircon grains, together with a zircon U-Pb standard (TEMORA 1), were cast in an epoxy mount, and then were documented with Cathodoluminescence (CL) images. In contrast to the predominantly inherited zircons from those adakites derived from melting of recycling lower continental crust , most zircons from the Baiqi formation are euhedral and show typical igneous oscillatory zonation (Fig. 6B ). Thirteen zircons were analyzed, and they have relatively high Th/U ratios of 0.65 to 2.5 (Table 3 ). The measured 206 Pb/ 238 U ratios are in good agreement within analytical precision, yielding a mean 206 Pb/ 238 U age of 125.8 ± 3.0 Ma (95% confidence interval).
Major and trace elements
The Baiqi volcanic rocks range from andesite to rhyolite with SiO 2 = 57-71% (Table 1) . Their major element compositions are characterized by high Na 2 O (4.06-6.89%) and Al 2 O 3 (≥15.4%) and high Na 2 O/K 2 O ratio (1.06-5.30), similar to those of the partial melts of metamorphic basaltic rocks ( Sample  GHG16  GHG15  GHG03  GHG05  GHG14  GHG13  GHG06  GHG09 Major elements (%) and low heavy rare-earth element (HREE; Yb ≤ 1.8 ppm), Y contents (≤18 ppm) (Table 1) , resembling those of the typical adakite (Defant and Drummond, 1990) . In the primitive mantle-normalized trace element spidergram, they display clear depletion in Nb-Ta and pronounced enrichment in Pb relative to neighboring elements. In addition, they exhibit clear positive Sr anomaly (Fig. 3B) . Their rare earth element (REE) patterns are characterized by LREE enrichment, relatively flat HREE distribution and insignificant Eu anomaly (Fig. 3A) . Their very low Rb/Sr ratios (0.03 to 0.07) suggest little, if any, fractional crystallization of plagioclase (Xiong et al., 2003) . In the Sr/Y-Y diagram, the Baiqi volcanic rocks fall into the field of typical adakites and TTG, contrasting the arc andesite and dacites (Fig. 4B ). All these indicate that the Baiqi volcanics belong to adakite in terms of geochemical features (Defant and Drummond, 1990) . Thus, we term the Baiqi volcanics as adakitc rocks in the following discus- (Rapp, 1995; Rapp et al., 1991 Rapp et al., , 1999 Rapp and Watson, 1995) ; R 2-4 SW = Partial melts of basalts compositionally close to N-MORB (Rapp and Watson, 1995; Rapp et al., 1991; Sen and Dunn, 1994; Winther, 1996) ; WW = Partial melts of low-K and Na, high-Mg and Ca basalt (Wolf and Wyllie, 1994) . The arc-related adakites (grey field) following Xiong et al. (2003) .
sion in order to distinguish them from the typical adakites formed by slab melting in modern arc settings.
Whole rock Sr-Nd isotopic compositions
The Baiqi adakitic rocks are characterized by constant initial Nd and Sr isotopic compositions at T = 126 Ma: Liu et al., 2004) and the late-Mesozoic basaltic magmatism from North China Craton (( 87 Sr/ 86 Sr) i = 0.704~0.708, ε Nd (T) = -17 to -12) (Cai et al., 2003; Chen et al., 2004; Zhang et al., 2004) (Fig. 5) , and clearly differ from the MORB-like isotopic compositions of the modern arc-related adakites (e.g., Kay and Kay, 1993; Stern and Kilian, 1996) .
DISCUSSIONS
The case of thickened lower continental crust-derived adakitic rocks
The significances of adakitic rocks rest with its geochemical indicator for high-pressure processes at stability field of garnet, most probably under eclogite-facies conditions. Various hypotheses have been put forward to explain the origin of the adakitic magmas. These include formation by partial melting of subducted oceanic slab (e.g., Defant and Drummond, 1990; Martin, 1999; Martin et al., 2005) , partial melting of thickened lower continental crust (Atherton and Petford, 1993; Petford and Atherton, 1996; Rapp and Watson, 1995; Xiong et al., 2003; Wang, Q. et al., 2005) or partial melting of recy- Condie (2005) . The Xinglonggou high-Mg adakites were also shown for comparison. Chondrite and PM values are from Sun and McDonough (1989) . Defant and Drummond, 1990) cling lower continental crust in the mantle (e.g., Xu et al., 2002) , and/or assimilationfractionation-crystallization (AFC) process (e.g., Feeley and Hacker, 1995) . Either partial melting of subducted oceanic slab or AFC of a basaltic magma is unlikely for the Baiqi adakitic rocks based on the following observations. First, zircon U-Pb dating indicates that the Baiqi adakitic rocks formed at about 126 Ma (Fig. 6A) , when there was no active subduction zone at the northern margin of the North China Craton. Furthermore, the Baiqi formation locates in the interior of the North China Craton, >1500 km away from the subduction zone of Pacific oceanic crust, and thus no significant contribution from the subducted Pacific oceanic slab. Although geophysical data implies a possible old large flat subducted slab beneath the studied area , these adakitic rocks present no melt-peridotite interaction feature (e.g., high Mg#) of slab-derived melts traversed part of the mantle peridotite. Second, fractional crystallziation of basaltic magma is an inefficient mechanism for felsic rocks (Green and Ringwood, 1968) . Frac-petrology demonstrate that partial melting of dry peridotite produces basaltic melt (e.g., Falloon and Green, 1987; Falloon et al., 1988; Hirose and Kushiro, 1993; Kushiro, 2001; Walter, 1998) , and partial melting of hydrous peridotite can produce high Mg# andesitic melt (Hirose, 1997) . On the other hand, dehydration melting of mafic lower crust is known to be capable of giving rise to felsic melts. It remains to resolve whether or not adakitic rocks can be produced by this kind of anatexis in post-orogenic tectonic settings. Nevertheless, the remarkably homogeneous Sr-Nd isotopic compositions for the Baiqi adakitic rocks preclude the possibility that they were produced by the melting of orogenic lithospheric keel that has sandwich-layers composed of felsic and maficultramafic rocks like those in the Dabie orogen (Zhao et al., 2004 (Cai et al., 2003; Chen et al., 2004; Zhang et al., 2004) , lower crustal xenoliths from Nushan (Huang et al., 2004; Yu et al., 2003) , granulite xenoliths from Hannuoba Zhang et al., 1998; Zhou et al., 2002) , Archean TTG (Jahn et al., 1988; Jahn and Zhang, 1984; Sun et al., 1992) , peridotite xenoliths from Hannuoba are shown for comparison.
tional crystallization degree of >70% is required to produce the trondhjemitic liquids (Spulber and Rutherford, 1983) or rhyolite (Meijer, 1983) . Furthermore, fractional crystallization of garnet will produce liquid with not only high Sr/Y and La/Yb ratios, but also negative Al 2 O 3 -SiO 2 correlations, differing from the trends of the Baiqi adakitic rocks ( Fig. 2A) . Third, although the Baiqi adakitic rocks have various SiO 2 contents from 57 to 71%, their Sr and Nd isotopic compositions are remarkably homogeneous (Table 2 ). This is the most important, because the homogeneous Sr and Nd isotopic compositions suggest that the Baiqi formation derived from one magma chamber, and were not contaminated significantly by evolved old basement rocks such as 1.9 Ga or 2.5 Ga lower crustal xenoliths from Hannuoba and Nushan (Huang et al., 2004; Yu et al., 2003) or Archean terrane granulites (Jahn et al., 1988; Jahn and Zhang, 1984; Liu et al., 2004; Sun et al., 1992) (Fig. 5) .
Early Cretaceous magmatism is also developed extensively along the Dabie-Sulu orogenic belt that formed by Triassic collision between the North China and Yangtze Cratons (Cong, 1996; Jahn et al., 2003; Zheng et al., 2003) . Anatexis of subducted continent and thus resultant orogenic lithospheric keel has been suggested to interpret the petrogenesis of post-collisional intrusives (including adakitic ones) in the Dabie orogen Zhao et al., 2004 Zhao et al., , 2005 . Studies of experimental 1995), the Baiqi adakitic rocks could have been formed by partial melting of mafic lower crust. Melts derived from partial melting of recycled lower continental crust in the mantle will obtain mantle signature (e.g., high Mg# numbers and Cr, Ni contents) due to reaction with the mantle peridotite (Liu et al., 2005; Rapp et al., 1999) . However, low Mg# number and Cr and Ni contents of the Baiqi adakitic rocks (Table 1) , differing from the Mesozoic volcanics from Xinglonggou , are at variance with their derivation from partial melting of recycled lower continental crust in the mantle, but consistent with the conclusion that no significant Mesozoic lithospheric thinning took place within the Trans-North China Orogenic belt based on Re-Os isotopic system of the peridotite from the Hannuoba basalt (Gao et al., 2002) . Thus, partial melting of a thickened lower continental crust could be responsible for the formation of the Baiqi adakitic rocks, as suggested by Wang, Q. et al. (2005) for those from Tibet. This recognition is very important, because (1) it suggests that partial melting of the crustal rocks were not attributed to recycling of lower continental crust into asthenospheric mantle as demonstrated by those adakitic volcanics from Xinglonggou ; and (2) it implies a crust with thickness >40 km (>1.2 GPa) (Petford and Atherton, 1996; Rapp and Watson, 1995) and a strong Mesozoic thermal event (e.g., basaltic underplating) triggering partial melting of the preexisting lower crust in the Trans-North China Orogen. If the lower crust would be thickened by collisional orogeny, the petrogenetic model for the Dabie postcollisional magmatism (Zhao et al., 2004 could be also applicable to the Baiqi adakitic rocks. In the next section, we discuss possible sources of the Baiqi adakitic rocks and processes triggering the partial melting of thickened lower crust.
Links between partial melting of thickened lower crust and basaltic underplating
If the Baiqi adakitic rocks were produced by partial melting of thickened lower crust, what were their parent rocks and what did drive the partial melting of the thickened lower crust? The Baiqi adakitic rocks have remarkably different 87 Sr/ 86 Sr ratios and ε Nd(t) values from that of the Precambrian lower crustal xenoliths (Huang et al., 2004; Liu et al., 2004; Yu et al., 2003) and granulite-TTGkhondalite exposed on the Earth's surface (Jahn et al., 1988; Jahn and Zhang, 1984; Liu et al., 2004; Sun et al., 1992) at 125 Ma (Fig. 5) , which demonstrate clearly that the Baiqi adakitc rocks were not formed by anatexis of the Precambrian lower continental crust.
However, the Baiqi adakitic rocks have Sr-Nd isotopic compositions overlapping with the adjacent Mesozoic (Shaw, 1970) , the melts were calculated assuming the Mesozoic gabbros from Hanxing (Zhang, H. F., 2005, unpublished data) and mafic granulite xenolith from Hannuoba lower crustal xenoliths from the Hannuoba basalts Zhou et al., 2002) and gabbros from the Trans-North China Orogen (Zhang et al., 2004) (Fig. 5) , which implies that the Baiqi adakitic rocks could be genetically related with the Mesozoic lower crustal xenoliths and/or gabbros. Zircon cathodoluminescence (CL) imaging and U-Pb dating for granulite and olivine pyroxenite demonstrate two episode of basaltic underplating and subsequent granulite-facies metamorphism at 160-140 Ma and 140-80 Ma, respectively. The most important is that the overlapping timing for basaltic underplating and granulite-facies metamorphism indicates that the latter was induced by the former . This agrees well with the two episodes of gabbros from Laiyuang-Linxian and Yunmengshan-Hanxing, which were dated at 125-145 Ma and 150-160 Ma, respectively (Davis et al., 1998; Zhang et al., 2004) . The typical igneous oscillatory zonation of the zircons (Fig. 6B ) in this work indicates that the mean 206 Pb/ 238 U age of 125.8 ± 3.0 Ma should record the formation age of the Baiqi adakitic rocks. Furthermore, the ages of intermediate-felsic igneous rocks around the study area cluster in the range of 138-125 Ma (Cai et al., 2003; Chen et al., 2004; Davis et al., 1998; Peng et al., 2004) . All these ages make it reasonable to speculate that the ~150-160 Ma gabbro or granulite xenoliths formed by basaltic underplating could be the parent rocks of the Baiqi adakitc volcanics, consistent with their similar Sr-Nd isotopic compositions (Fig. 5) . Heating of the subsequent ~140-120 Ma basaltic underplating caused granulite-facies metamorphism and partial melting of the mafic lower crust formed at ~150-160 Ma. This coincides with the Early Cretaceous giant igneous event in eastern China (132~120 Ma, peaked at 125 Ma; Wu et al., 2005) . While the westward subduction of the Pacific plate beneath the Eurasian continent may provide a geodynamic setting for development of Mesozoic magmatism along the eastern edge of the China continent , the intensive The initial material is a gabbro sample from Hanxing area (Zhang, H. F., 2005, unpublished data McKenzie and O'Nions (1991) and the other partition coefficients from Klemme et al. (2002) .
occurrence of Early Cretaceous magmatism in this wide area points to a thermal event that may be associated with the Pacific superplume activity as advocated by Zhao et al. (2004 for the post-collisional magmatism in the Dabie orogen. Furthermore, the estimated temperatures of pyroxenite and granulite xenoliths from the Hannuoba basalts could be high up to 900-1100°C (Chen et al., 2001; Liu et al., 2003) . This implies that the basaltic underplating can provide the necessary heat to induce partial melting of the preexisting mafic lower crust (Guffanti et al., 1996; Petford and Gallagher, 2001; Rushmer, 1991) . If the above model is correct, the Baiqi adakitic rocks should match the partial melts of ~150-160 Ma gabbros or mafic granulites. Batch melting models were calculated assuming ~150-160 Ma gabbros , unpublished data) and mafic granulite xenoliths from the Hannuoba basalts as starting materials, respectively (Fig. 7) . The results indicate that the Baiqi adakitic rocks match well the partial melts formed by 20-40% partial melting of gabbros (Table 4 ) leaving the restite of 50% Grt + 50% Cpx (Figs. 4, 7C and 7D ). However, partial melts of mafic granulites present lower Ba, Th, U, Nb, Ta and LREE (Figs. 7A and B) . This divergence indicates that the mafic granulites could suffer from granulite-facies metamorphism/partial melting at 80-140 Ma resulted in decrease in these elements. As a result, we suggest that the source rock of the Baiqi adakitic rocks could be represented by the ~150-160 Ma gabbro.
The above observations and discussions outline such a process that the thickened lower crust generated by basaltic underplating at ~150-160 Ma experienced subsequent granulite-facies metamorphism and thus partial melting, which could have been caused by heating of another phase of congenetic basaltic underplating at ~80-140 Ma. However, where was the basaltic melt derived from remains enigmatic due to its evolved Sr-Nd isotopic compositions compared with the mantle peridotites (Fig. 5) . Gao et al. (2004) argued that partial melting of delaminated lower crust in the mantle from Jurassic volcanic rocks at Liaoxi indicates that lithospheric foundering in the east part of the North China Craton could have served as the heat engine. During the delamination process, the upwelling of asthenospheric mantle heated the overlying crust and resulted in the formation of juvenile crust by underplating of mantle-derived basaltic magma. However, neither Mesozoic high-Mg andesite nor highMg adakitic rock has been identified in the Trans-North China Orogen (Li et al., 2001; Chen et al., 2002 Chen et al., , 2004 Cai et al., 2003; Davis, 2003; Peng et al., 2004; Li and Li, 2004) . This implies that the lithosphere of the Trans-North China Orogen might have not thinned as the east part of the East China suggested by Gao et al. (2002) . We speculate that basaltic underplating, and possibly the resultant chemical erosion, could dominate over much of the Trans-North China Orogen. SiO 2 -rich melt-mantle peridotite interaction (Liu et al., 2005) and the resultant chemical erosion (Xu, 2001) within the gradually upward moving lithosphereasthenosphere interface played an important role in generating a thickened lower continental crust due to basaltic underplating.
Implications for the Mesozoic deep geodynamic process in the Trans-North China Orogen differing from the east part of the East China
CONCLUSION
The Baiqi volcanics possess the same geochemical characteristics as those of typical adakites in modern arcs. However, they have relatively lower Cr and Ni contents and Mg#, suggesting that their parental magma did not interact with the lithospheric mantle. Combined with the geological setting of the studying area, these geochemical features suggest that the Baiqi adakitic rocks formed by partial melting of a thickened lower continental crust at a depth of >40 km in central North China. More importantly, the formation of the Baiqi adakitic volcanics implies that partial melting of the underplated mafic lower crust of ~150-160 Ma, rather than the Precambrian basement rocks, was caused by enormous conductive heating from a subsequent basaltic underplating event at 80-140 Ma.
(a) n = number of analysis; Meas. = measured value; Rec. = recommended value (http://minerals.cr.usgs.gov/geo_chem_stand) ; Units are ppm for all elements.
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